Background: Genome-wide association studies have identified rs314276, rs314263, rs7759938, and rs314280 in or near the LIN28B gene as associated with age at menarche. To date, the effect of polymorphisms in this gene on idiopathic central precocious puberty (ICPP) in Chinese girls have not been reported. The aim of this study was to evaluate the association of the four loci with ICPP in Chinese girls. Methods: In this study, we conducted a case-control study including 502 girls with ICPP and 489 controls. Four singlenucleotide polymorphisms (SNPs) were genotyped in both groups using an improved multiplex ligation detection reaction (iMLDR) technique. results: Of the four SNPs of the LIN28B analyzed, three SNPs, rs314276, rs7759938, and rs314280, were associated with ICPP risk at P < 0.05. The association of rs314276, however, was no longer significant after adjustment for multiple testing. Compared with rs7759938 TT or TC genotype, decreased ICPP risk was associated with CC (OR = 0.527, 95% CI: 0.329-0.843) genotype (P = 0.008). Compared with rs314280 GG or GA genotype, decreased ICPP risk was associated with minor allele carrier (AA) genotype (OR = 0.538, 95% CI: 0.337-0.858, P = 0.009). The two identified variants showed the same association signals for ICPP. conclusion: In conclusion, common genetic variations (rs7759938 and rs314280) of LIN28B may contribute to ICPP susceptibility in Chinese girls. t he onset of puberty is occuring earlier at least over the past several decades worldwide (1). Sexual development in nine reprentative cities between 2003 and 2005 in China, revealed a secular trend of earlier age of puberty onset (2,3). The incidence of precocious puberty was 29 per 100,000 girls per year (4). In China, any signs of secondary sexual maturation below the population average (<8 for girls or <9 for boys) are considered precocious puberty. The latter can be subdevided into central precocious puberty (CPP) which is initiated by activation of hypothalamic gonadotropin-releasing-hormone secretion and peripheral precocious puberty. Furthermore, 90 percent of CPP is idiopathic central precocious puberty (ICPP) and girls have a higher incidence of precocious puberty than boys, with a ratio of 20:1. Height in children with CPP may be attenuated due to the premature closure of the growth plates. In addition, the psychological development of children with CPP is not in synchrony with their development.
t he onset of puberty is occuring earlier at least over the past several decades worldwide (1) . Sexual development in nine reprentative cities between 2003 and 2005 in China, revealed a secular trend of earlier age of puberty onset (2, 3) . The incidence of precocious puberty was 29 per 100,000 girls per year (4) . In China, any signs of secondary sexual maturation below the population average (<8 for girls or <9 for boys) are considered precocious puberty. The latter can be subdevided into central precocious puberty (CPP) which is initiated by activation of hypothalamic gonadotropin-releasing-hormone secretion and peripheral precocious puberty. Furthermore, 90 percent of CPP is idiopathic central precocious puberty (ICPP) and girls have a higher incidence of precocious puberty than boys, with a ratio of 20:1. Height in children with CPP may be attenuated due to the premature closure of the growth plates. In addition, the psychological development of children with CPP is not in synchrony with their development.
The onset of puberty is initiated by reemergence of pulsatile in both amplitude and frequency, gonadotropin-releasing hormone release from the hypothalamus but the mechanisms that activate the onset of puberty remain poorly understood. Besides environmental factors, genetic factors play an important role in the timing of puberty. Phillip (5) found a 27.5% prevalence of family history among 147 patients with idiopathic CPP, infering that puberty onset may be a process governed by genetics. Additionally, candidate genes may mediate the onset of puberty in familial CPP. The genetic underpinnings of puberty may be a result of multiple candidate genes. LIN28B, a human ortholog of lin28 of the nematode Caenorhatidis elegans, which regulates let-7 microRNAs (miRNAs) controlling the timing of developmental event (6) . A gain-of-function allele of lin-28 retards development in the nematode Caenorhatidis elegans (7). Silveira-Neto identified a heterozygous LIN28B variant P. H199R in a girl who developed CPP at 5.2 y old (8). Park SW reported that the Korea girls with non-AC haplotypes (LIN28B polymorphisms, rs4946651 and rs369065) tended to have earlier puberty onset (9) . However, the mechanisms whereby of LIN28B via let-7 miRNA regulate puberty onset are not yet clear.
Genome-wide association has successfully identified many single-nucleotide polymorphisms (SNPs), which are associated with complex diseases and certain human features. SNP is the third generation of genetic marker caused by single-nucleotide variation. Recently, variations in or near LIN28B gene were reported to be associated with age at menarche by genomewide association studies. Studies have found many SNPs related to menarche, such as rs314276 (10), rs314263 (11, 12) , and rs314280 (13, 14) in LIN28B gene. Further analysis by meta-analysis, found that the another SNP rs7759938 (15, 16) near LIN28B gene has a robust association with menarche, the milestone for female sexual maturation. Hence, it is conceivable that menarche related SNPs may associate with ICPP. This study aimed to detect the relationship between menarche related SNPs and ICPP.
RESULTS
All girls with ICPP (n = 506) and the controls (n = 485) were of Han ethnicity and their ages at enrollment were 7.01 ± 0.90 (mean + SD) and 7.05 ± 1.13 y old, respectively. Significant differences in height, weight, BMI, mother's age at menarche, physically active and sleeping time were observed between the two groups, whereas no significant differences were observed in other variables ( Table 1) .
The primary information and allele frequencies observed are listed in Table 2 . The genotype distributions of the four tested SNPs were consistent with the Hardy-Weinberg equilibrium in the control group (P > 0.05). Associations with ICPP for these four SNPs are given in Table 3 . Three SNPs (rs314276, rs7759938, rs314280) showed significant associations with ICPP in both additive models (OR = 0.81, 0.81and 0.797; 95% CI: 0.658-0.998, 0.657-0.998, and 0.646-0.982; P = 0.048, 0.048, and 0.033, respectively) and recessive models (OR = 0.616, 0.527 and 0.538; 95% CI: 0.387-0.979, 0.329-0.843, and 0.337-0.858; P = 0.041, 0.007, and 0.009, respectively) after adjusting for BMI, mother's age at menarche, mother's age at first birth, physically active, and sleeping time. However, the other SNP (rs314263) was not associated with ICPP regardless of genetic models (P > 0.05). A MeffSidak method evaluated the corrected statistical significance of these associations. After multiple comparison adjustment, only two SNPs (rs7759938, rs314280) still showed significant associations with ICPP in recessive models at P < 0.05.
To determinate whether the effects of the three varinats (rs314276, rs7759938, rs314280) were independent or not, a stepwise and conditional logistic regression analysis was undertaken. The method incorporates BMI, mother's age at menarche, mother's age at first birth, physically active, and sleeping time in the model, to which the SNPs were added one by one in an iterative process. The results showed that only the rs7759938 SNP remained in the model at last step and showed the strongest significant association with ICPP in both additive and recessive models. Subsequent addition of rs314280 and rs314276 did not show significant improvement of the model, which is partially explained by high LD among of the three SNPs. Then, Conditional logistic regression analysis was performed to investigate the independent effects among these replicated SNPs with ICPP. The two SNPs, rs314280 and rs314276, were conditioned on the effect of the rs7759938 SNP. None of them remained significant after conditioning on the associated marker (rs7759938) regardless of genetic models. This suggests that not one of the 3 SNPs is exerting an independent effect. In other words, the rs7759938 SNP explains the all association signals with ICPP. The P values of these SNPs before and after the effect of rs7759938 was adjusted for, are shown in Table 4 .
Then, the association analysis for the variant rs7759938 was stratified by quartiles of age at precocious puberty onset. The results are presented in Table 5 . In the upper middle quartile, the variant showed significant associations with ICPP in both additive models (OR = 0.72; 95% CI: 0.52-0.98; P = 0.043) and recessive models (OR = 0.32; 95% CI: 0.14-0.74; P = 0.007). In the lower middle quartile, the variant showed significant associations with ICPP in additive models (OR = 0.64; 95% CI: 0.46-0.89; P = 0.007), dominant models (OR = 0.61; 95% CI: 0.40-0.92; P = 0.02) and recessive models (OR = 0.44; 95% CI: 0.20-0.96; P = 0.007). However, in the lower quartile or upper quartile, the variant was not associated with ICPP regardless of genetic models (P > 0.05). The results indicated that the variants may influence "mild" ICPP but not extremely early or later ICPP.
DISCUSSION
In this hospital-based study conducted among Han Chinese girls, the association of four SNPs around LIN28B previously associated with age of menarche was evaluated. We found that two SNPs (rs7759938 and rs314280) in the LIN28B gene were associated with the risk of ICPP. Neither of these polymorphisms has been previously found to be associated with ICPP susceptibility among Han Chinese girls.
LIN28B may serve as a trigger for menarche and act as a switch for the timing of puberty. LIN28B activity is dysregulated through various mechanisms in pubertal development, and it was found to be crucial for early onset and progression of puberty. A recent study in mice showed that genetic modification of the Lin28-Let-7 pathway by over-expression of Lin28B increased body size and delayed the onset of puberty (17) . Therefore, common genetic variation in this key gene may underscore the pathogenesis of ICPP. Furthermore, LIN28B polymorphisms have been previously evaluated in relation to central precocious puberty and early puberty risk in Korea girls. Carriers of the non-AC haplotypes of LIN28B (rs4946651 and rs369065) have been reported to have significantly increased the risk of central precocious puberty in Korea girls (9) . Our analysis similarly found that girls with LIN28B rs7759938 C allele or rs314280 A allele decreased the ICPP risk, especially under the recessive model. These variants rs7759938 and rs314280 of LIN28B have previously been identified as relevant for adult height (7, 18) and timing of pubertal onset (10, 12, (19) (20) (21) (22) . Another LIN28B SNP (rs314276) was reached a normal significance level (Ptrend = 0.048). Longitudinal analyses revealed rs314276 in LIN28B was related to increase body weight and BMI (23) . This association, however, was no longer statistically significant after adjustment for multiple comparisons.
The independent effects for the three variants in LIN28B were evaluated through modeling by both stepwise and conditional logistic regression. Based on our results, the two SNPs, rs314280, rs314276, showed no significant relationship with ICPP while the effect of rs7553685 was adjusted, demonstrating no further independent signals of association with ICPP for the two variants. This suggested that the three variants have high LD between each other, and rs7553685 can represent the all association signals with ICPP for the three SNPs. A multiple computational analysis assessed the set SNPs for potential functional effect by using three computational tools: SNP Function Prediction (24), F-SNP (25) , and SNP Function Portal (26) , which are the function analysis and selection tools for single nucleotide polymorphisms. In this study, two of the three identified LIN28B variants, rs314276 and rs314280, were predicted to be possible transcription factor binding sites from all of the web servers. Because it is also plausible that these SNPs are not functional polymorphisms but are in tight LD with functional polymorphisms, these SNPs may possibly influence gene expression level or pre-mRNA splicing, or are ICPP risk for minor allele homozygotes (AB/BB) compared with major allele carriers (AA) in models adjusted for BMI, Mother's age at menarche, Mother's age at first birth, Physically active, and Sleeping time when appropriate; P vaule for dominant association.
c ICPP risk for minor allele homozygotes (BB) compared with major allele carriers (AA/AB) in models adjusted for BMI, Mother's age at menarche, Mother's age at first birth, Physically active, and Sleeping time when appropriate; P vaule for recessive association. SNP, single-nucleotide polymorphisms. Bold values considered to be significant P ≤ 0.05.
in LD with ungenotyped variants that do. Therefore, an etiologic role of these two SNPs in the LIN28B gene in the pathogenesis of ICPP warrants further study.
Among girls from Taiwan, rs314280 polymorphism was not a useful marker for prediction of the susceptibility of precocious puberty in a small case-control study (50 cases and 45 controls) (27) . This result is not consistent with our study and other previous studies (11, 12, 21, 28) . The discrepancy may be due to different illness classifications, sample size, confounding factors, racial and disease variations. The other SNP rs314263 in LIN28B in this study showed no significant association with ICPP. Although other reports have shown links with SNP and menarche (11) , no previous studies have confirmed an association with ICPP for this variant.
The current study has several strengths. Most importantly, extensive information on anthropometrics and lifestyle factors were collected in this study to adjust for confounding factors. Additionally, Chinese women living in Fujian are relatively homogeneous in ethnic background, all of whom are classified into a single ethnic group (Han Chinese). Therefore, a potential confounding effect by ethnicity is of limited concern.
In conclusion, our study has found evidence that two SNPs rs7759938 and rs314280 of LIN28B were associated with ICPP in Han Chinese girls. Further functional researches and multiple-center studies with large-scale samples are warranted to confirm our findings.
METHODS

Study Population
This study was conducted as a hospital-based case-control design involving 991 unrelated individuals enrolled to the Fuzhou Children's Hospital of Fujian. From 2010 to 2013, incident cases of ICPP were recruited and the diagnosis of central precocious puberty followed the criteria of the Lawson Wilkins Pediatric Endocrine Society. Controls were selected from the same hospital as the patients in all centers, except in the Pediatric endocrinology clinic center. Controls were matched to cases by age, sex, ethnicity, and geographic location of origin. The study included 502 patients and 489 controls. All participants were asked to donate a blood sample for DNA extraction, and underwent a personal interview for socio-demographic information, familial and medical history, diet and living habits. Standing height without shoes was measured using a height measuring instrument to the nearest 0.1 cm. Body weight was measured with the lightest clothing to the nearest 0.1 kg by an electronic weighing scale. Written informed consent was obtained from the parents of the participants prior to enrollment. This study was reviewed and approved by the Ethics Committee of Fuzhou Children's Hospital of Fujian, and was conducted in agreement with the Declaration of Helsinki Principles.
SNP Selection and Genotyping
After a review of the medical literature (10) (11) (12) (13) (14) (15) (16) , four significant SNPs were selected namely, rs314276, rs314263, rs7759938, rs314280 around LIN28B. All SNPs selected were based on the following: (i) a Chinese population frequency, based on the minor allele frequency, of >5%; (ii) previously described significant association with menarche (P < 5 × 10 Genomic DNA from the blood samples was extracted using a protease K digestion (Beyotime, Shanghai, China) and phenol-chloroform (Junrui, Shanghai, China) extraction and purification according to a standard procedure. The genomic DNA was then stored at −20 °C. Thereafter, DNA samples were subjected to SNP genotyping. The genotyping of SNPs were carried out by Shanghai Genesky Bio-Tech (Genesky, Shanghai, China), using an improved multiplex ligase detection reaction method. Briefly, a multiplex polymerase chain reaction was designed to amplify the four SNP loci. Then, the ligation reaction was performed and the raw data were analyzed by Gene Mapper 4.1 (Applied Biosystems, CA). All of the primers and probes (Sangon, Shanghai, China) are listed in Supplementary Table S1 online. Genotyping was performed in a blinded fashion without knowledge of the patients' clinical data, and approximately 10% of the samples were randomly repeated for quality control purposes. Genotyping call rates were 94% and the concordance rate reached 99.5%.
Statistical Analysis
Pearson χ 2 and unpaired Student's t-test examined the differences between ICPP patients and controls for categorical and continuous variables, respectively. Testing for deviations from Hardy-Weinberg equilibrium was carried out using a Pearson goodness-of-fit test. Each genotype of examined polymorphisms was assessed by unconditional logistic regression analyses under the log-additive (major allele homozygotes vs. heterozygotes vs. minor allele homozygotes) models, dominant (major allele homozygotes vs. heterozygotes + minor allele homozygotes), recessive (major allele homozygotes + heterozygotes vs. minor allele homozygotes) models of inheritance after adjusting for confounding factors, respectively. P values in models were adjusted for multiple comparisons using M eff -Sidak method (29) , to reduce falsepositive rates. Conditional and stepwise logistic regression was used to determine whether independent effects of SNPs exsited.
The majority of statistical analyses were conducted with SAS v9.2 (StataCorp LP, College Station, TX). All statistical tests were twotailed, and P ≤ 0.05 values were interpreted as statistically significant.
Power Calculations
Power for association studies depends on the sample size, the specified level of type I error, and the genotype frequencies in patients and control subjects. Genotype frequencies depend on the population frequency of the allele of interest and its effect on disease risk. "Power for Genetic Association analyses" package (30) was used to estimate the statistical power for statistically significant results concerning individual polymorphism data. Under a recessive model, results showed a 
